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As bstract. Adult T cell leukemia (ATL) and Se-
zary leukemia are malignant proliferations of T lympho-
cytes that share similar cell morphology and clinical
features. ATL is associated with HTLV (human T cell
leukemia/lymphoma virus), a unique human type C ret-
rovirus, whereas most patients with the Sezary syndrome
do not have antibodies to this virus. Leukemic cells of
both groups were of the T3, T4-positive, T8-negative phe-
notype. Despite the similar phenotype, HTLV-negative
S&ary leukemic cells frequently functioned as helper cells,
whereas some HTLV-positive ATL and HTLV-positive
Sezary cells appeared to function as suppressors of im-
munoglobulin synthesis. One can distinguish the HTLV-
positive from the HTLV-negative leukemias using a
monoclonal antibody (anti-Tac) that appears to identify
the human receptor for T cell growth factor (TCGF).
Resting normal T cells and most HTLV-negative Sezary
cells were Tac-negative, whereas all ATL cell populations
were Tac-positive. The observation that ATL cells man-
ifest TCGFreceptors suggests the possibility that an ab-
normality of the TCGF-TCGFreceptor system may par-
tially explain the uncontrolled growth of these cells.
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Introduction

In normal individuals, circulating T cells represent a complex
mixture of cells with different and at times opposing functions.
Leukemic T cells from humans frequently represent expansions
of a single clone of T cells that may retain a single immuno-
regulatory function. The examination of such neoplastic T cells
and their soluble products in functional assays has provided
valuable insights into the regulatory network of cells that control
the human immune response in general and control B cell mat-
uration and immunoglobulin production in particular (1-3).
Furthermore, the use of monoclonal antibodies to T cell surface
antigens has permitted useful correlations between cell function
and phenotype (4-9).

In the present studies we examined leukemias of mature T
cells. The first form, the Sezary syndrome, is characterized by
exfoliative erythroderma, generalized lymphadenopathy, and
circulating pleomorphic malignant T lymphocytes that have a
propensity for epidermal infiltration. The second leukemia, the
adult T cell leukemia (ATL)', was recently described by Uchi-
yama et al. (10). ATL is also a malignancy of mature T cells
that has a tendency to infiltrate the skin. However, certain clinical
features aid in distinguishing these syndromes. First, ATL has
a more aggressive course and is often complicated by hyper-
calcemia and pulmonary infiltrates. The median survival is gen-
erally 1 yr or less (10, 1 1). Second, cases of ATL are clustered
geographically, occurring in the southwest of Japan, the Carib-

I. Abbreviations used in this paper: ATL, adult T cell leukemia; FACS,
fluorescence-activated cell sorter; HLA, human leukocyte antigen; HTLV,
human T cell leukemia/lymphoma virus; PWM, pokeweed mitogen;
TCGF, T cell growth factor.
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bean basin, and in certain areas of the southeastern U. S. (1 1,
12). Recently, a unique human type C retrovirus, human T cell
leukemia/lymphoma virus (HTLV), has been isolated from the
neoplastic T cells of patients with ATL in multiple areas of the
world (13-19). This virus was distinguished from other mam-
malian retroviruses by assays of nucleic acid homology and
immunological assays of viral proteins. In a wide survey of
human sera for antibodies to HTLV, nearly all serum samples
from patients with ATL contained antibodies recognizing the
core p19 and p24 proteins of this virus (20, 21). Furthermore,
up to 15% of normal donors in endemic areas of Japan and
the Caribbean basin had antibodies to these core proteins. In
contrast, <1%of normal donors from nonendemic areas of the
world have demonstrable antibodies to HTLV. Similarly, only
2 of 245 (0.8%) patients with the Sezary syndrome, or mycosis
fungoides, had serum antibodies recognizing HTLV (22).

In the present study, we compare the immunoregulatory
function and cell surface phenotype of the leukemic cells from
10 patients with the clinical diagnosis of ATL and three patients
with the Sezary leukemia who had circulating antibodies to
HTLV, with the function and cell surface phenotype of leukemic
cells from 10 patients with the Sezary syndrome who lacked
serum antibodies to HTLV.

Methods

Patient population. T cells were studied from 17 normal individuals,
10 patients with the Sezary syndrome who did not have serum antibodies
to HTLV, three patients with the Sezary syndrome who had serum
antibodies to HTLV, and 10 patients with the ATL. The patients with
the clinical presentation of the Sezary syndrome had exfoliative eryth-
roderma, lymphadenopathy, and a white blood cell count ranging from
12,600 to 124,000 cells/mm3. With the exception of the one patient
with a total white blood cell count of 12,600, all patients had >30,000
white blood cells/mm3. All of the patients were from the U. S. and had
a mean age of 62. Nine of the 10 patients without antibodies to HTLV
were white, while one was black. The patients with ATL had skin in-
volvement, usually in the form of plaquelike lesions, and had white
blood cell counts that ranged from 11,200 to 105,000/mm3. Three of
these patients had a white blood cell count of between 1 1,000 and
20,000/mm3. Six of the patients were hypercalcemic. Three of the patients
were Oriental (residing in Japan), eight were black, and one was white.
One of these latter nine patients was from the Caribbean while the
remainder resided in the U. S. The mean age of this patient group was
39. In certain cases, the classification of patients on the basis of clinical
features was difficult. In our analyses, patients with antibodies to HTLV
were compared with those without antibodies to HTLV; this was done
irrespectively of the initial clinical diagnosis.

Separation of T and B cells. Mononuclear cells were separated from
peripheral blood by Ficoll-Hypaque density gradient centrifugation. T
and B cells were prepared from peripheral blood mononuclear cells by
a combination of Sephadex G-200 anti-human F(ab)2 immunoabsorbent
chromatography and rosette formation with neuraminidase-treated sheep
red blood cells, as previously described (1).

Preparation of leukemic cellsfor study. Mononuclear cells, including

the leukemic cells from patients with either T cell leukemia, were purified
from heparinized venous blood by Ficoll-Hypaque gradient centrifu-
gation. After thorough washing and resuspension in RPMI 1640 culture
media (Gibco Laboratories, Grand Island, NY) and 10% fetal calf serum,
these cells were studied for their capacity to synthesize immunoglobulin
molecules or to function either as helper or suppressor cells in in vitro
assays of pokeweed mitogen (PWM)-activated immunoglobulin pro-
duction.

Production and reactivities of monoclonal antibodies. The OKT3,
T4, T6, T8, T9, and TIO antibodies were obtained from Ortho Phar-
maceuticals, Raritan, NJ. DA2 (a kind gift from Drs. Peter Param and
Jack Strominger, Harvard Medical School, Boston, MA) is a monoclonal
antibody directed toward a non-polymorphic framework determinant
of human Ia-like antigens (23). Wealso determined the reactivity of
the leukemic cell populations with a monoclonal antibody of the IgG2a
class termed anti-Tac prepared in our laboratory (8, 24) that reacts with
the human receptor for T cell growth factor (TCGF) (9, 25).

Immunofluorescence analysis of cells with thefluorescence-activated
cell sorter (FACS). The cells were analyzed by using immunofluorescence
and FACSanalysis with monoclonal antibodies by a slight modification
of a procedure described previously (26). Briefly, I X 106 cells were
incubated with saturating amounts of monoclonal antibodies or 0.05
ml of BALB/c normal mouse serum for 30 min at 4VC in Hanks balanced
salt solution, which contained 0.05% sodium azide and 3% fetal calf
serum (Armour Pharmaceutical Co., Scottsdale, AZ). The cells were
then washed twice in this media and reacted with saturating amounts
of fluorescein isothiocyanate-goat F(abY2 anti-mouse IgG for 30 min at
4°C, washed twice, and resuspended for analysis. Analysis was performed
using a B-D FACSII (Becton-Dickinson &Co. FACSSystems, Sunnyvale,
CA) that was interfaced to a PDP11/34 computer (Digital Equipment
Corp., Maynard, MA). Data were collected on 2-5 X 104 viable cells
(as determined by forward light scatter intensity) as fluorescence intensity
vs. cell number. Histograms for each cell type were integrated to determine
the percentage of positive cells when reacted with individual monoclonal
antibodies relative to a negative control of cells reacted with normal
mouse serum.

Assays for helper or suppressor cell activity. The methods used to
test for immunoglobulin biosynthesis and for helper and suppressor
activity using the PWM-driven immunoglobulin biosynthesis system
have been described in detail previously (1, 2, 27, 28). PWM-stimulated
B cells in the absence of T cells produce very small amounts of im-
munoglobulin (1, 28, 29). The addition of autologous or allogeneic T
cells will lead to an enhancement of immunoglobulin production by
these rigorously T cell-depleted B cells. Thus, the ability of added leukemic
T cells to enhance immunoglobulin production by normal B cells can
be used as an index of helper cell function. Suppressor cell activity was
assessed by determining the amount of immunoglobulin produced and
secreted into the media by the PWM-stimulated co-cultures of leukemic
cells and by indicator cells consisting of mixtures of equal numbers of
normal B cells and normal irradiated (2,000 rad) T cells. Irradiated T
cells were shown to maintain helper T cell activity but could not be
activated to suppress in these co-cultures. Ratios of 5 X 10' leukemic
T cells to 5 x 105 normal irradiated T cells and 5 X 105 normal B cells
were used in these co-culture studies. The immunoglobulin synthesis
in these co-cultures was compared with that predicted from the deter-
minations of the immunoglobulin synthesis by the PWM-stimulated
indicator population and leukemic cell populations when cultured alone.

%suppression = 0 I - ng of Ig secreted by the PWM-stimulated co-culture of leukemic cells with indicator B and irradiated T cells x 100
sum of ng of Ig secreted by indicator PWM-stimulated B and irradiated T cells and

L sum of ng of Ig secreted by indicator PWM-stimulated of the leukemia cell population when cultured alone]
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The amount of immunoglobulin produced and secreted into the media
after 12 d in culture in the biosynthesis studies discussed above was
determined by heavy chain specific double antibody radioimmunoassays,
as previously described (27).

Assays for antibodies to HTLV. The sera of patients with the Sezary
syndrome and ATL in the present study were analyzed for antibodies
to the core proteins p19 and p24 of HTLV using solid-phase radioim-
munoassays, as previously described (20, 21).

Results

The capacity of peripheral blood mononuclear cells from patients
with the Sezary syndrome, ATL, and normal individuals to
synthesize IgG, IgA, and IgM was evaluated using the in vitro
PWM-stimulated immunoglobulin biosynthesis system. The 17
normals studied synthesized geometric means of 3,147 ng (2.9)2
for IgG, 2,289 ng (2.54) for IgA, and 3,676 ng (2.57) for IgM
per two million cells in culture. In contrast, none of the peripheral
blood mononuclear cell populations from the patients with the
Sezary syndrome or the ATL synthesized biologically meaningful
quantities of immunoglobulin of any class when stimulated by
PWM(Fig. 1). The PWM-activated in vitro biosynthesis system
was also used to determine whether the neoplastic T cells man-
ifested helper activity when co-cultured with rigorously T cell-
depleted B cells from normal individuals. The approach takes
advantage of the fact that PWMstimulation of immunoglobulin
synthesis has an absolute requirement for helper T cells (1, 28,
29). Whennormal B cells were co-cultured with either autologous
or allogeneic normal T cells and PWM,they matured into im-
munoglobulin synthesizing and secreting cells (Fig. 1). In the
present study, purified PWM-stimulated, normal B cells did not
synthesize immunoglobulin molecules when cultured alone.
However, they synthesized and secreted from 250 to over 5,000
ng of IgM when cultured with Sezary leukemic T cells of six
of the nine patients studied, at a ratio of 5 X 04 Sezary cells
to 5 X 105 normal B cells in culture (Fig. 1). The synthesis of
IgG and IgA in these co-cultures was comparable (data not
shown). Thus, the leukemic cells of many but not all of the
patients with the anti-HTLV antibody-negative Sezary syndrome
functioned as helper T cells for normal B cell maturation and
immunoglobulin synthesis. In contrast, the ATL cells and the
leukemic cells from the three Sezary syndrome patients who
had antibodies to HTLV did not manifest helper cell activity
for B cell maturation and immunoglobulin synthesis (Fig. I).

In order to determine whether the leukemic cell populations
had suppressor cell activity, circulating mononuclear cells from
the patients were cultured with PWM-stimulated indicator pop-
ulations comprised of unseparated peripheral blood mononu-
clear cells from normal subjects or equal numbers of normal
B cells and normal irradiated T cells (2,000 rad). In control
cultures, the mean values for the production of IgG, IgA, and
IgM by 10 co-cultures of allogeneic lymphocytes from pairs of
normal individuals ranged from 95 to 106% of the expected
values. None of the leukemic cell populations from any of the

2. The geometric means are presented with I SD of the log of the
geometric mean given in parentheses.

patients with HTLVantibody-negative Sezary leukemia studied
manifested suppressor cell activity (Fig. 1). In contrast, the leu-
kemic cells of five of the nine patients with ATL suppressed
immunoglobulin synthesis when co-cultured with indicator
populations of equal numbers of normal B cells and irradiated
normal T cells (Fig. 1). In addition, the Sezary leukemic cells
of the three patients with antibodies to HTLV suppressed the
IgM synthesis of co-cultured PWM-activated normal indicator
cells by 12, 52, and 54%, suppressed IgG synthesis by 54, 46,
and 58%, and suppressed IgA synthesis by 36, 45, and 52%.
The leukemic cells from this group of patients with antibodies
to HTLV also suppressed immunoglobulin synthesis when cul-
tured with normal indicator unseparated peripheral blood
mononuclear cells (data not shown). In the one case of ATL
examined, the leukemic cells inhibited the immunoglobulin
synthesis of B cells and co-cultured normal T cells that had
been depleted of T8-positive cells by prior treatment with anti-
T8 monoclonal antibody and complement. These latter T cells
were shown to contain <1%of T8-positve cells by FACSanalysis
(Becton-Dickinson & Co. FACSSystems). Thus, in contrast to
the helper immunoregulatory function of leukemic cells that
was demonstrable for certain patients with anti-HTLV antibody-

E3 Normal Mean (67% Confidence Interval)

.t!

£fn
cD

70

I
X 50

no

DO _m98808 3m ----I| - mo
HTLV-Positive HTLV- B-Cells and B-Cells and

ATL and Sezary Negative HTLV- HTLV-
Sezary Positive Negative

ATL and Sezary Sezary

Suppression of
100 IgM Synthesis

o

00

20

0

0
HTLV-Positive HTLV-Negative

ATL and Sezary Sezary

Figure 1. Immunoregulatory functions of HTLV-positive Sezary (o)
and ATL cells (o) and of HTLV-negative Sezary leukemic T cells (o).
As indicated in the panel on the left, there was no biologically mean-
ingful IgM synthesis by PWM-stimulated ATL or Sezary leukemic T
cells. The geometric mean and 67% confidence interval for immuno-
globulin synthesis by 17 normal individuals are indicated by the cen-
tral line and crosshatched area, respectively. None of the HTLV-posi-
tive ATL and Sezary leukemic cells provided helper function for co-
cultured normal B cells (center). In contrast, there was from 250 to
over 5,000 ng of IgM synthesized by 5 X 10' normal B cells when
co-cultured with 5 X 104 HTLV-negative Sezary leukemia T cells,
which indicated that these latter cells manifested helper activity for B
cells. As indicated in the right panel, 8 of the 12 HTLV-associated
leukemic (nine ATL indicated by ., three Sezary by o) populations
examined suppressed the IgM synthesis of co-cultured normal B cells
and irradiated T cells. None of the HTLV-negative Sezary T cell
populations examined suppressed immunoglobulin synthesis.
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negative Sizary syndrome in these in vitro cultures, the leukemic
cells of some patients with HTLV-associated leukemias, in-
cluding ATL patients and the three S6zary patients with anti-
bodies to HTLV, appear to function as suppressor cells.

Over the past few years there have been major advances in
the correlation of the cell surface antigens of leukemic T cells
identified by monoclonal antibodies with the immunoregulatory
function of these cells (4-6). However, the T3, T4, and T8
monoclonal antibodies were not of value in differentiating
HTLV-negative Sezary leukemic cells, which appear to manifest
helper activity from either ATL cells or the S6zary leukemic
cells from the three patients with serum antibodies to HTLV
that appear to manifest suppressor activity. In general, both of
these groups of leukemic cells bore the T3 antigen associated
with mature T cells and the T4 antigen that has usually been
associated with helper/induced T cell activity, whereas neither
of the leukemic cell populations manifested the T8 antigen that
is usually associated with suppressor/cytotoxic activity (Fig. 2).

Wethen examined these leukemic cell populations using
monoclonal antibodies to a series of activation antigens, in-
cluding the T9 antigen, which defines the transferrin receptor
(7), the la antigen (using the DA2 monoclonal), present on
resting B cells, monocytes, and on activated T cells, the T10
antigen, which is present on primitive hemopoietic cells, thy-
mocytes, NKcells, and on activated T cells (30), and the Tac
antigen, an antigen that recognizes the TCGFreceptor on ac-
tivated T cells (8). Both T9 and Ia antigen were present on the
leukemic cells of the majority of patients with either the HTLV-
positive ATL or the Sezary T cell leukemias, that had no serum
antibodies to HTLV, but were not present on normal resting
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Figure 3. The reactivity of ATL (.) and S6zary leukemia (o) cells
with T9, Ia, and TlO monoclonal antibodies. The majority of ATL
and Skzary leukemic cells were T9- (transferrin receptor)positive. In
addition, a number of leukemic populations from both types of leu-
kemias were Ia-positive. 10 of 11 patients with HTLV-associated leu-
kemias studied had normal or elevated proportions of T0-positive
cells. In contrast, all of the 10 Skzary leukemic populations had a
lower proportion of cells reactive with the TlO monoclonal than did
normal individuals.

T cells (Fig. 3). Thus, these monoclonal antibodies help to iden-
tify both of these groups of leukemic cells as activated, rapidly
proliferating cells, but they are not of value in differentiating
these leukemias from each other. The monoclonal antibody
TlO was of greater value in differentiating these leukemias. The
10 HTLV antibody negative S6zary leukemic cell populations
had reduced proportions of TlO cells, whereas 10 of 1 1 HTLV-
positive ATL or S6zary leukemic populations examined had
normal or elevated proportions of TlO-positive T cells.

The monoclonal antibody, anti-Tac, which was developed
in our laboratory, appears to react with the membrane receptor
for TCGF(8, 9, 25). The anti-Tac monoclonal was of value in
differentiating cells from the patients with ATL and from the
three Shzary patients with antibodies to HTLV from the cells
of the remaining Shzary patients, who were anti-HTLV antibody-
negative. Nine of the ten Sezary leukemic T cell populations
from patients that did not have antibodies to HTLVwere Tac
antigen-negative, whereas all of the leukemic T cell populations
from patients with antibodies to HTLVwere Tac antigen-positive
(Fig. 4). Thus, the HTLV-associated mature T leukemia cells
were Tac antigen-positive, and thus presumably manifest the
receptor for TCGF. This conclusion has been verified by showing
that these same cells proliferate in the presence of TCGF.

Figure 2. Cell surface phenotypes of ATL (@) and HTLV antibody
negative S6zary leukemic cells (o). The majority of the leukemic cell
populations of both leukemic groups were positive when analyzed
with the T3 and T4 monoclonal antibodies, but were negative when
analyzed with the T8 monoclonal. The mean value±2 SD for the
proportion of T cells reactive with these monoclonal antibodies for
10 normal individuals is indicated by the line and crosshatched area,
respectively.

Discussion

The Sizary T cell leukemia and the ATL share several char-
acteristics. In individual cases it may not be possible to make
a distinction on clinical grounds alone. Both are leukemias of
mature pleomorphic T cells with a propensity to invade the
skin. Both affect adult individuals. Furthermore, the leukemic
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Figure 4. Reactivity of ATL and HTLV-negative Sezary leukemic
cells with anti-Tac (anti-TCGF receptor antibody). All of the ATL
cell populations (.) as well as the three HTLV-positive Sezary leu-
kemic cell populations (o) contained cells that were reactive with the
anti-Tac monoclonal antibody. In contrast, 9 of the 10 Sezary leu-
kemic populations (o) from patients who did not have antibodies to
HTLV were Tac antigen-negative.

cells from both groups of patients bear a similar surface phe-
notype when analyzed with T3, T4, and T8 monoclonal anti-
bodies. There are, however, certain characteristics which, when
present (e.g., a tendency for the ATL patients to develop hy-
percalcemia), aid in distinguishing these leukemias from each
other (10-12). ATL has a definite geographical clustering, and
virtually all patients have serum antibodies to HTLV. HTLV
has been isolated from the leukemic cells of such patients (22).
In contrast, only 2 of 245 patients with the cutaneous T cell
lymphomas, including mycosis fungoides and the Sezary syn-
drome, had circulating antibodies to the p 1 9 and p24 core pro-
teins of HTLV (22). In the present study, three patients with
antibodies to HTLV carried the diagnosis of Sezary syndrome
on the basis of clinical features, and HTLV was isolated from
their leukemic cells (1 8). These patients were included with the
ATL patients in our analysis, since the Sezary leukemia cells
from patients with antibodies to HTLV manifested suppressor
function and the Tac-positive phenotype, thus presenting a sim-
ilar picture to that of the HTLV-associated ATL patients.

There were major differences demonstrable between the
HTLV antibody positive T cell leukemias and the HTLV an-
tibody-negative Sezary T cell populations when their immu-
noregulatory function was assessed using an in vitro immu-
noglobulin biosynthesis system. In the present study, six of the
nine HTLV antibody-negative Sezary T cell leukemic popu-
lations function as helper cells when co-cultured with normal
B cells in the presence of PWM.This observation is in accord
with our previous report that some, but not all, Sezary T cell
leukemic populations are dedicated to helper interactions with
B lymphocytes, which facilitates B cell proliferation, maturation,
and immunoglobulin synthesis (1). Our initial observation has
been confirmed by other workers (31) studying similar cell pop-

ulations, although two cases of a Sezary leukemia functioning
as a suppressor cell have been reported (32, 33). These latter
cases were reported before the discovery of either ATL or HTLV.

The ATL cells studied contrast with the HTLV-negative
Sezary leukemic cells, in that they did not manifest helper activity
in any case. However, in 6 of the 10 cases of ATL studied and
in the three cases of HTLV-associated Sezary syndrome, the
leukemic cells functioned as suppressor cells and inhibited the
immunoglobulin synthesis of co-cultured, PWM-stimulated,
normal mononuclear target cell populations. This observation
is in accord with previous studies with this form of leukemia
(34). Such an apparent suppressor activity could occur in vitro
through a number of mechanisms. First, leukemic T cells with
receptors for TCGFhave the potential to absorb TCGFfrom
the media, leading to inhibition of T cell-dependent immu-
noglobulin synthesis. Second, the leukemic T cells could theo-
retically act as inducer T cells and activate normal precursors
of suppressor cells into suppressor effectors. Third, HTLVcould
conceivably act on B cells directly to inhibit their function.
Finally, the leukemic T cells could function as effectors of
suppression. In terms of the first alternative, we have added
250 ng of purified TCGF to the co-cultures of 106 leukemic
and 106 indicator cells without affecting the 75% inhibition of
immunoglobulin synthesis observed in these co-cultures. Since
this quantity of TCGFis 10- to 100-fold greater than that re-
quired to saturate the TCGFreceptors on the ATL cells, it is
unlikely that absorption of TCGFis the cause of the apparent
suppression. In terms of the second alternative, in the present
study, the leukemic T cells from individuals with a suppressor
leukemia inhibited target B cells and irradiated T cells or target
B cells and T8 cell-depleted T cell populations. These obser-
vations make less likely the possibility that the leukemic T cells
induce a cell among the normal T cells to become the effectors
of suppression. It is still possible that the leukemic cells induced
T8-positive cells, contaminating the leukemic cells to become
the effectors of suppression. Wehave made one experimental
observation that argues against this alterative as well as against
the possibility that leukemic cells absorb TCGF. Wehave es-
tablished a long-term TCGF-dependent line from the Tac-pos-
itive leukemic cells of one of the patients with an HTLV-as-
sociated leukemia. This line was shown to secrete a 70-90,000-
mol wt suppressor protein termed SISS-B resistant to RNase
and DNase treatment that inhibits PWM-induced immuno-
globulin synthesis by B cells and irradiated T cells as well as
the immunoglobulin synthesis induced by Epstein-Barr virus
in T cell-depleted short-term B cell cultures (35). This suppressor
molecule does not inhibit T cell proliferation. The suppressor
T cell line has the surface phenotype T3+, T4+, Tac+, Ia+,
and T8 - 3AI-, and contains HTLVDNAintegrated sequences
(13) similar to the leukemic cells from this patient. The third
alternative, that HTLV from ATL cells inhibited B cell im-
munoglobulin synthesis, also appears unlikely, since irradiation
of the ATL cells abrogates their capacity to suppress immu-
noglobulin synthesis but not their ability to transform co-cultured
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activated cord blood T cells. Furthermore, doubly banded pu-
rified HTLVdid not inhibit immunoglobulin synthesis, whereas
a culture supernatant from a transformed cord T cell line that
was HTLV nonproducing inhibited immunoglobulin synthesis
in the in vitro co-culture system. Thus, in contrast to the helper
immunoregulatory function of T3+T4+T8- leukemic T cells
from some patients with the Sezary syndrome, certain patients
with ATL with the same phenotype have malignant T cells that
appear to be cells of the suppressor T cell network. It appears
from these studies, as well as from more extensive analyses from
other laboratories (36-38), that the cells defined by the T4 and
T8 antibodies are complex populations that are not solely helper/
inducer and suppressor/cytotoxic populations, respectively. The
studies from other laboratories (36-38) concerning cytotoxic
lymphocytes support the view that cell populations that react
with T4 and T8 monoclonal antibodies differ not in terms of
their function per se, but in terms of the class of histocompat-
ibility antigen recognized by the T cell; that is, T8-positive cells
appear to be involved in those cellular interactions and functions
that involve recognition of class I human leukocyte antigen
(HLA) molecules (i.e., HLA A or B molecules), whereas T4-
positive cells are involved in interactions that involve recognition
of class II molecules (i.e., HLA-D or SB). In this scheme, T4-
positive cells would not only be helper cells in their interactions
with other lymphoid cells but might also act as cytotoxic cells
when HLA-D molecules are involved. In addition, Thomas et
al. (39) have shown that T4-positive cells can function as effectors
of suppression when no T8-positive cells are present in the
culture system. Thus, at least for the antigen nonspecific PWM
system examined, certain normal T4-positive cells as well as
certain T4-positive ATL cell populations may function as sup-
pressors in the PWM-induced immunoglobulin biosynthesis
system.

Recently, the proliferation and maturation of T cells has
been shown to be regulated by a series of growth factors and
their receptors. Stimulation of unseparated mononuclear cells
leads to the production of interleukin 1 by monocytes. Following
interaction with interleukin 1 and the primary stimulatory lectin
or antigen, T cells become activated and secrete TCGF(40).
TCGFinteracts with an inducible receptor that is present on
activated peripheral blood T cells and TCGF-dependent con-
tinuous T cell lines, but is not present on resting T cells, B cells,
or monocytes. Wehave prepared a monoclonal antibody termed
anti-Tac that recognizes the receptor for TCGF(8, 9, 25).

Anti-Tac appears to be of considerable value in differentiating
the HTLV-associated T cell leukemic cells from the malignant
cells of those patients who have a leukemia of mature T cells
but do not have antibodies to HTLV. The T cell leukemic cell
populations from 9 of the 10 patients with the Sezary syndrome
who were HTLVantibody-negative, were Tac antigen-negative.
All nine ATL populations and the T cell leukemic populations
from the three Sezary patients that had circulating antibodies
to HTLV were Tac antigen positive. Concordance between
serum antibodies to HTLV and Tac-positive leukemic T cells

should not be exact. For example, in the HTLVendemic regions
of Japan, the Caribbean, and southeastern U. S. where from 3
to 25% of the population may have antibodies to HTLV (41),
one might expect to find patients with Tac-negative leukemias
and other cancers associated with antibodies to HTLVby chance.
In such cases it would be important to determine whether the
Tac-negative leukemic T cells bore the HTLV by molecular
hybridization studies. Furthermore, we observed a Tac-positive
leukemic cell in a patient with Sezary leukemia lacking antibodies
to HTLVcore proteins. This could occur by a number of mech-
anisms: (a) the patient's leukemic cells could be infected with
a defective (i.e., nonproductive) form of HTLV; (b) the leukemia
could be caused by a retrovirus of the HTLV family but not
of the class (subgroup) of HTLV (HTLV-I) from which the test
proteins are available for these assays; or (c) these cells could
be activated to manifest this receptor by other unidentified
mechanisms.

The ATL cells or leukemia T cell lines associated with a
productive form of HTLV we have studied have been Tac-
positive. A number of mechanisms could explain the association
of Tac positivity with HTLV infection. HTLV infection may
lead, directly or indirectly, to the activation of the gene encoding
the production of the Tac antigen (the TCGFreceptor). For
example, a gene in the pX region of the virus may encode a
protein involved in indirect Tac antigen expression. Alterna-
tively, HTLV may enter the T cell through the Tac antigen, on
T cells activated by another mechanism, and may clonally ex-
pand this cell population by transforming a cell bearing the Tac
antigen. The observation that during replication and secretion
of HTLV the virion becomes preferentially associated with the
Tac receptor (42) is in accord with this view. Finally, HTLV
may bear a protein that reacts with anti-Tac antibodies because
it shares an antigenic determinant with Tac. However, against
this view it should be noted that all HTLV-infected Tac-positive
cells bind TCGF.

The fact that all ATL cell populations manifest the Tac
antigen that is associated with the inducible receptor for TCGF
may have implications for our understanding of one of the
pathogenic factors associated with the leukemic transformation
and with the rapid proliferation of these malignant T cells. As
considered previously by Gallo and Wong-Staal (22), the in-
fection of mature T cells with HTLV leads to the production
of TCGFby some of these cell populations in culture and to
the expression of the TCGF receptor in all cases. For those
cases producing TCGF, there may be a self-stimulatory circuit
in which the same cell produces and can respond to this growth
factor for T cells. More recently, it has been shown that most
HTLV-transformed cord T cell lines do not release detectable
TCGF. It is thus possible that, in certain cases, HTLV infection
leads to a bypassing of the TCGF-TCGFreceptor system, and
causes altered growth by mechanisms that have not been defined.
Alternatively, HTLVmay directly effect the receptor by changing
its form, so that it behaves as if TCGFwere bound to it, and,
thus, it directly stimulates the growth of the malignant T cell.
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Tsudo et al. (43) have shown that in contrast to the pattern
with normal T cells, the TCGFreceptor cannot be modulated
from Tac-positive ATL cells. Studies in our own laboratory (44)
have shown structural differences between the antigen detected
by anti-Tac on certain ATL cells as compared with Tac receptors
on activated normal T cells also supporting the view that ATL
is associated with aberrant receptors for TCGFand that an
abnormality in this receptor may play a role in growth of these
leukemic cells.
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